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Application filed May 25, 1915. Serial No. 30,295.

To all whom it may concern:
Be 1t known that I, BENgadN

resident of the city of Baltimore, State of

5 Maryland, have invented certain new and

usetul Improvements in Apparatus for Pro-

ducing Oxygen, of which the following is a
specification. T

- The method of manufacturing oxygen by

10 Subjecting permanganate or manganate of

‘soda, potash or the like to the alternate ac-

- tion of steam and air at a high temperature

18 widely known and has in the past been

- practised in several instances which are re--
15 corded 1n the literature of the-art. How-.

ever, though there 1s an extensive demand
.for oxygen, this process 18 not practised at

~ the present time because 1t 1s not commer-
- clally successtul. - | o o
20+ The oxygen obtained_ by this process is
- carried over by superheated steam which de-
‘composes the oxygen compound liberating
the oxygen when the two are brought into

- contact at a high temperature, and the chem-

28 1cal 1s regenerated or oxidized by subjecting

1t to the action of air, also at a high tem-
perature. The oxygen produced, in order
to be commercially available, must be of a
~ -high percentage of purity, and in-the past
30 1t has been impossible to produce anything

approaching pure oxygen by this process.

The -difficulty is due to the fact that after

passing air through the .apparatus to oxi-

dize the permanganate, the pipes and retorts
35 (ave filled with air and when steam 1s intro-
duced to résume the process of carrying
over oxygen, it i1s necessary elther to run
this air into the product and thus reduce
very considerably the percentage of oxygen,
40 ;or blow it out by the waste or exhaust valve
by means of the entering steam. To do this,
the steain which 1s first brought in contact
with the regenerated permanganate and
which therefore carries a very large percent-
45 age of oxygen, must be permitted to es-
cape. Theoretically, air can be passed over

the permanganate to be regenerated and

superheated steam passed through the appa-
ratus and allowed to escape for a short pe-
50 riod until the apparatus becomes clear of

air. Then the steam is allowed to pass
through a condenser and the oxygen 1s pute

into suitable carboys, without a loss so con-
- siderable as to make the cost prohibitive.

55 However, viewed from a practical stand-
point, the periods are so short and the action

1 _ H. CraM, a
citizen of the United States of America, and

“electric circuit; and Fig. 7-shows
actuating means. in- detail. - _
Referring to the drawings by numerals;

’so rapid that it is difficult to operate the

valves and produce the desired effect with

any degree of regularity, or to obthiu oxy-
‘gen of anything approaching uniform pur-

1ty, so that the operation, while theoretically
possible, 1s in fact impractical from a com-
mercial standpoint and the entire supply of
oxygen now required for industrial purposes
1s made by other methods, as electrolysis or

‘the liquefaction of air. In the present in-

stance, this difficulty has been overcome and
an apparatus.evolved which is regular in its
operation, producing a gas of a uniform and

high percentage of purity. This is done by

so arranging the connections fromi the steam

~and air supply to the retorts and from the

retorts to the condenser and to the discharge
that they can be conveniently controlled by
smitable valves to lead the steam and air al-
ternately over the desired paths:for exactly
the predetermined period of time, the valves

60 .

70

75

being to this end automatically operated and

timed. . -
- Other improvements relate to the provi-

80

sion of & .condenser so constructed as to pre-

vent the introduction of outside air or air
from the condensing water to the gas, and

numerous refinements all tending to give the

requisite efficiency to make the process com-
mercially successtul. '

In the accompanying drawings I have

shown so much of an apparatus for making
-oXygen by reduction and regeneration as is
‘necessary to a full comprehension of the
improvements which are.the subject of this

invention. SR o
Figures 1 and 2 taken together constitute

a diagrammatic showing of the system, the

parts being shifted and rearranged so they
can be projected into the plane of the paper

85

90

without overlapping, the object being to

show the retorts, gas, air and steam pas-

sages, condensers, etc., arranged in opera-
tive relation and as nearly as possible in
the order in which they appear in the opera-

tive device; the furnaces do not appear in
this diagram; Fig. 3 is g transverse vertical

100

section showing the furnace, the coils and

the retorts in two units of the plant; Fig. 4

1s a section on the line 4, 4 of Fig. 3; Fig. 5

105

is-a diagram of the -electrical system; Fig.

6 is a detail of the cams for controllint the
the valve

r
.

the apparatus consists of a blower or air

110



Q.

| 'pump El delivering air to the air main 2
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 a predetermined high temperature, for 1t
‘must be borne in mind that the reduction
‘and regeneration process bv means oi which
the oxygen is obtained can only be carried .
on at high temperatures, and further that
the air and all the parts of the apparatus.
with which the steam comes in contact must

25

85

" ranged -in ‘pairs of units or even numbers
of units which operate alternately, that is
the material in the retort of one umit or-in

40

 hiegh temperature.

from which it is led to an air heating coil

8. There are also steam superheating coils
4, 4’, one for each unit, the units being

preferably arranged in pairs. Steam is sup-
plied at 5 from any suitable source as a
steam boiler. The air heating coil 3 1s con-

nected to the air main by a pipe ¢ and this
coil is connected at its opposite end to a

system of piping and automatically con-
trolled valves hereinafter described. These
valves control the passage of the air from
the hot air coil 8 so the heated alr may be

Jed through either one of the steam super-.
heating coils 4, one of which forms a part

of each of the units illustrated. Connected

to the coils 4, 4" by means of a pipe 8, In’

each unit, is a set of retorts 9, and 1 further

provide suitable heating means as the -fur-

nace 85 by which all the parts are kept at

be heated to prevent loss by condensation.

‘The material by the reduction and regen-
eration of which, the oxygen is, produced,

is placed in the retorts and there subjected
at intervals, first to the action of super-
lieated steam by which, it is reduced, and

- then to the action of air by which 1t 1s re-
oenerated, both actions taking place -at a

As we have stated, the appamtus'is ar-

_the retorts of half the units, is being re-

duced by a current of superheated steam,

 while the material in the retort of the other

45

50
~ the steam is condensed, the gas compressed
and all the water which can possibly be

15,

80

65

unit or the other half of the units, is sub-

ject to the action of a current of air, also

at a high temperature, and thus regenerated.

< Ag ig understood by those skilled in the

art, the steam with the oxygen produced by

the action of the steam on the chemical be-

ing reduced, is led to a suitable container,

separated from the oxygen 1s removed, first

in an ordinary condenser, the principal func-

tion of which is to remove the steam, and
then by refrigeration after compression.

‘However, the air which is passed over the

charge to regenerate it, and the steam which

- is passed over the material for the first few

seconds while the air left in the retorts and
the rest of the system is being -displaced,

does not form a part of the salable product;
in fact, if permitted to enter the condensing

system and the containers, it would so dilute
the oas as to prevent the manufacture of a

1,155,046

merchantable pmduct; so the air which is

passed through the system and even the

steam for the first few seconds of its flow 1s
permitted to escape, either directly or
through any suitable device for economizing
the heat contained. o |

To distribute the heated air and steam to

the retorts, there is a system of automati-
cally controlled valves 7, and to provide ror
the escape of the air and the initial steam

fow in each instance; as well as for the con-

trol of the passages by which the mixed
steam and oxygen are led to the condenser,

a system of automatically controlled valves

10 is used. In this latter system a pipe 11

‘< Ted from the retorts of the first unit and

70

75

80

a pipe 15 from the retorts of the second

unit. A pipe 16 connects the system 10

‘with the condenser. This pipe is prefer-
ably inclined toward the condenser to carry

oft the water condensed in the pipe. Refer-

ring particularly to Fig. 2 the pipe 16 leads

the steam and oxygen from the retorts to
the condenser 17, where it is passed through

small tubes 18 which are subject to the ac-

but the water itself is not brought in con-
tact with the gas.
water and gas 1s objectionable due to the

fact that all water in its natural state car-

ries a considerable amount of air and this
water, particularly under the low pressure

apparatus, would give up enough of 1its
air to make it impossible to produce oxygen
of a high percentage of purity. The cool-

Direct contact of the

90
tion.of a continuous fiow of cooling water, -

05

- conditions which exist in this part of the

100

ing effect of the condenser is sufficient tc

condense the live steam carrying the oXy-

gell. . | _- |
From the condenser, the oxygen is led by
way of the pipe 19 to a suitable receptacle,

as a water-sealed gasometer 20, shown as of

a well-known type. “In the pipe 19 at 21, 1.

have shown a T with a valve 22 for use 1n
testing and to permit the escape of the first

110

part of the product in starting to avoid air

and other impurities.

At 24 I have shown a U or depression with

! There. iS_ELlSOIEL" valve
23 by which the storage end of the system .

‘may be closed when the valve 22 1s opened.
' 1156

a trapped drip 25. Beyond thedrip25isan-

‘other gate valve 26 which may be closed to

prevent back flow from the. gasometer.

Leading from the gasometer is a delivery
- pipe 27 with a valve 28 by way of which the

120

oxygen is-carried to a submerged compres-

sor 29 from which the gas is passed through
a coil 80 submerged in brine in close proxim-
ity to a refrigerating coil 31 from whence
the oxygen is led to a suitable container 32
having an automatic drip 33. IFrom: the
container means is provided in the way of

valves and delivery outlets 34 for filling car-

boys or similar containers with the gas.
Referring again to Fig. 1, the steam su-

1256 .

130
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perheating coils 4 and 4" are conne_cfgd' one
to each of two parallel lines of piping 35
and 36, the connection of the coil 4 to the

pipe 36 being made by means of a pipe 387,

and the connection of the coil 4" to the pipe
35 being made by means of a pipe 38. The
two lines 35 and 36 are connected at their

fold 1n the form of a loop or rectangle to
one end of which the air coil 3 is connected
by a pipe 41 and to the other end of which
the source of steam 5 is connected by any
suitable means, as a pipe 5’. In the pipe 35
on each side of the
the steam coil 4”, I have shown valves 42 and

43, and 1n the pipe 36, one on each side of
the pipe 37 from the “stvam coil, I have-

shown valves 44 and 45. These valves are
automatically controlled to operate at pre-
determined intervals in the desired sequence.
As 1llustrated, they are electrically operated
by means: of solenoids, which, for the sake

of convenience, are identified by means of -
the numbers applied to the valves, a set of

two being provided for each valve. |
11 and 15 leading from the retorts 9 and 97,
are, 1n the form of the invention shown, both
led to.a manifold 47 having a waste or ex-

haust outlets 48, 487, at each endY and a de-
livery 16 leading from the center of the

manifold 47 toward the condenser 17. To

control the flow from the retorts, four valves
49, 50,751 and 52 are provided in the mani-
fold 47, the valves 49 and 50 being one on

each side of the point where the pipe 11

joins the pipe 47, and the valves 51 and 52

being one on each side of the point where

the pipe 15 joins the pipe 47, so that the
valves 50 and 51 are one on each side of the
delivery pipe 16." In this way, the valve
svstem 7, including the valves 42, 43, 44 and
45, controls the flow of air and steam to the
retorts 9 and 9, and the valve system 10,
including the valves 49, 50, 51 and 52, con-
trols the delivery of air, oxygen and steam
from the retorts to the condenser, and the
unabsorbed air and the steam and oxygen
which is mixed with air from the exhaust
or waste pipes 48, and 48".

In the present instance automatic means
is provided for operating in unison the
valves grouped-at 7 and 10, opening and
closing them and controlling the timing and
sequence of their operation.

Referring to Fig. 7, which is an assembly
on a large scalé of the essential features of

each mdividual valve is operated, the entire

mechanism of each valve is inclosed within
a casing 53 and each valve, in the form of

the invention shown, is operated by a trans-
verse centrally-pivoted lever 54 having a pin
and slst engagement at each end with one
of the cores 55 of two solenoids 56, one for

f

pipe 38, leading from

opening and the other for closing the valve.
In connection with each solenoid there is a
trigger or tripping device 57 by means of
which the current is made and broken inde-
pendently of the automatically operated
controller which is in circuit with the sole-

noids of all the valves. , The trigger 57 in

70

each instance, is tripped by an upright stud
98 with which each core is provided. The

valve mechanism is so arranged that when

there is no current, it is in equilibrium and
stationary. As soon as one coil is energized,

the core which coOperates with that coil is

drawn up, the corresponding end of the
lever 54 is lifted, the lever is swung about
1ts pivot and the valve opened or closed as
the case may be. As the core moves up

toward the end of its normal stroke, the
stud or pin 58 comes in contact with a roller

59 on the trigger 57 and breaks the circuit
by swinging the trigger about its center 60

‘the same time, the other trigger is released

_ _ . and falls into contact. In this way, the cir-
Still referring to Kig. 1, the delivery pipes

cuits of the two solenoids are made and
broken alternately in accordance with the

80

8

and moving the end of the trigger at 61
from the contact point 62 on the frame; at

90

timing of the controller, the triggers being

returned by gravity to normal which is the

closed circuit position.

_controller and shown diagrammatically the

plan of the circuit by means of which the

n Figs. 5 and 6, T have illustrated the

95 -

solenolds - operating  their respective valves

- are energized In turn to open and close the
valves 1 the desired sequence. :To this end,
I provide switches 63, distinguished at 63"

to 63°% by means of which the circuit, in-
cluding ‘the solenoid for actuating each
valve, is controlled. Each switch forms part
of a cam lever 64 provided with a suitable

100

105.

follower operating in connection with rotary -

cams 65. Springs 66, one for each cam, tend

each: to close the corresponding switch and

‘keep the follower in contact with the cam.
Each of the cams has a circular periphery

- 67 broken by a short depression or recess 68.

I

the electrical appliance by means of which .

. When a roller or follower enters the recess
of 1ts cam, the spring 66 closes the switch
and the current passing through the circuit

energizes the corresponding solenoids and
operates the valves. There are six of the

cams 65 shown 1n operative connection with

ed, shown as mounted on the single cam
shaft 69. The cams are set at a suitable

110

115

- the circuit and two extra cams not connect- -

126

angle and the shaft is operated by means of

a motor 70 connected to-the shaft 69 by
means ot toothed gears 71 and 72. The mo-
tor 1n turn is supplied with curreft from
any suitable source by way of connections

125

73, and driven at a constant speed. Shown -

as shunted across the motor at 74, there is a .

coll 75 which, when the circuit 73 is ener-

gized, supports the core 76 which carries a

130

-
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switch 77 form-ing part of abattefy or other

- relay circuit 78 in which there 1s a valve or
- other alarm 79. 1f, for any reason, the mo-

5

tor circuit is broken, the core 76 will drop,
close the circuit 78 and operate the alarm.

 The bittery circuit may also be connected to

10

25

30

45

50

the motor circuit as shown, to take the load

for a short time when the main current is

off. "In this way the excessive losses which

1,158,045

air currents are interchanged,-' that is, the
heated air from the coil 3 is passed through

the steam superheater 4’ and through the re-

torts 9’ whence 1t 1s permitted to. escape
from the_ waste opening 48’. The steam

from the source 5 is passed through the su-
perheating coil 4, the retorts 9 and the de-

livery 11, but as the retorts 9 and the coil 4
are at this time filled with air which, 1 1t

7,@"  - R |

100
108

110

might result from interruption of the cir- were mixed, with the supply of oxygen, 75
~ cuit are-avolded. - o -~ would so dilute the product as to destroy its
Referring to Fig. 5, the solenoids, two for. commercial value, 1t 1s mnecessary to dis-
each.valve, are for convenience numbered place the air content of this portion of the
~ according to the corresponding valves. In system with steam before the product 1S
15 the arrangement shown, the left-hand coil ¢ turned into the regular channel, and to this 80
in each instance, when energized, serves to end, the air and the steam which first trav-
~open the valve, and the right-hand ceil & to erses the retorts and passages must be per-
‘close it. In Fig. 5, the circuit is shown dia- mitted to escape from the exhaust 48.
- grammatically. The diagram includes a  To bring about the first condition de-
20 main 80 to which each solenoid is connected. scribed, in which air 1s passing through the 85
_ This wire is grounded at 81. The switches coil 3, the steam superheating coil 4 and the
68 are distinguislied as 637, 632, 633, 63%, 635, retort 9, escaping through the exhaust 43,
and 63°. The switch 63’, as shown, is con- - and steam through the-coil 4” and the re-
nected by a wire 82-to the closing solenoid torts 9, passing by the delivery pipes 15 and
b of the valve 51; the switch 632 is connected 16 to the condenser, the valves 44, 49, 43 and 90
to a main 83 which in turn is connected to 51 are open and the valves 42, 45, 50 and 52
the opening solenoid & of valves 42, 45 and are closed. During this operation, as has
© 52 and to the closing solenoids & of the been previously pointed out, the material in
~valves 43 and 44 the switch 63 is connect- the retorts 9 is being oxidized and that mn
~ed to a main 84 which is in turn connected to _the retorts 9" reduced, the waste alr from 95
‘the opening solenocid @ of valve 50 and the which the supply of oxygen has been taken
closing solenoid & of valve 49; the switch escaping at 48, and the steam with the OXy-
63+ is.connected to the closing solenoid & of = gen which has been produced being carried
~ valve 50; switch 63° is connected to a main to the condenser from the retorts 9" by way
35 86 from whick there are leads to the open- ~ of the pipes 15 and 16. -
~ ing solenoids a of valves 43, 44 and 49 and =~ In the next condition of operation, steam
 to the closing solenoids b of valves 42 and is passed through the superheating coils 4
45 and switch 63° is connected to a main 87 from the retorts 9, taking up oxygen from
~from which there are-leads to the opening the regenerated materials In the retorts 9,
40 solenoid .« of valve 51 and the closing sole- and air is led by way of the coils 3 and 4"
noid & of valve 52.. - . | ~ through the retorts 9" and back.to the open
~ In explaining the operation of the valves, air through the exhaust 48’. In order fo
the retorts and the superheating coils, it prevent the air which is left in the retort 9
will be assumed that the chemicals in the and the pipes forming part of the first unit
retorts 9 of the first or left-hand unit, are from entering the container with the oxy-
heing regenerated. The air used is heated gen, it is necessary to displace all the air 1n
in the coil 8 so that it will not cause con- this part of the system by means of the en-
densation of the steam when the process is tering steam, and to do this, not only the
reversed, and steam is passed through the air content of the system but a portion of
same pipes and retorts. The heated air froﬂg the steam is permitted to escape into the
the coil 3 is led through the superheating open air by way of the exhaust opening 48,
~ coil 4 and by way of the pipe 8 through the so that the next operation of the valve sys-
retorts 9 and out by the delivery pipe i1 to tems merely alternates or interchanges the
 the waste or exhaust 48. At the same time paths followed by the steam and air in the
55 steam is being passed from the source by two units up to where the two currents enter 120
~ way of the pipe 38 to the superheater 4’ and the pipe 48, and for a short period both
thence through the retorts 9’ where it takes units exhaust by way of the waste openings
up oxygen and passes by way of the deliv- 48 and 48’ respectively. Therefore, in the .
ery pipe 15 to the pipe 47 and by way of next position of the valves, 42, 52, 45 and 49 -
60 the pipe 16 to the condenser. are open and 43, 44, 50 and 51 are closed. 128

1- .“ﬂ.— - .: -l

116

During this operation, as stated, the steam
“and air from the retorts 9 and the pipes of
' dized to an extent determined by experiment the first or left-hand unit, are escaping
and found to be in accord with the most ef-~ through the waste opening 48. S
65 ficient operation, the paths of the steam and ~ When the air has been cleared from the 130

- When the chemicals in the retorts 9" have.
been reduced and those 1n the retorts 9 oxi-
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retorts and - plpes in the first system, which

occupies but afew seconds, the position of
the valves must be changed so as to termi-
nate the flow from the waste 48 and admit

the steam and oxygen to the delivery pipe
16, so that after the lapse of a comparatively

short period, the valve 4&9 1s closed and the

valve 50 opened.
The fourth operation corresponds to the
second, that is steam 1is turned info the

:rretorts 9”-and air into the retorts 9, the

e
- E,ﬁ

.20

£
oIt

30
35

40

‘passed athfmw“h the retorts™ 9.
period, 1t 18 necessary o blow out the steam
and air trom these retorts ito prevent pass-

air escaping irom the waste 48 and fGI' the
irst part of the period, steans and air from
the retorts 9" escape by way of the waste
487,
which gives this operation, the vaives 44,

49, 43 and 52 are open and valves 42, 4:5_

50 and 51 are. c]esed Under these mrcum—
stances, air heated in the coils 8 and 4 is

passed through the retorts 9 and out of
reﬂenemtmﬂ* the

the waste opening 48,
chemical in the retorts 9 and mteam FEROYES]

the source 5, superhemﬂd in the coils 4/, 1s
Tor a short

ing the air mto the oxygen which forms the
product, and for this reason fhe steam, oxy-
gen and mr irom the retorts 9 are pﬁmltfe«ed
£o escape irom the outlet 48", but after a
very short’ time, the escape of the steam
and oxygen from the waste 48’ must be
terminated and the product passed by -way
of the delivery 16 to the condenser, so that
the next operation, which takes place almost
immediately consists in -the closing of the
valve 52 and opening oi the.-valve 51.

As has been fully described in connection
with the wiring diagram, Fig. 5, there 1s a

series of switches 63 operated by 3, series of
cams 67 controlling a series of solenoids, one
to open and one to close each valve.

of solenoids, connected in parallel, as the
case may be. Where a number of opera-

tions, either opening or closing take place
sunultaneously in every instance, the’corre-

- sponding coils-are connected 1n pamllel and

o0

95

60

60

controlled by a single switch operated by a
single cam. In connection with the two
units shown, there are.six different groups

or sets of operations requiring that the sole-

nolds be connected in six groups so that

there are six switches and six cams shown
on a single shatt. The wiring diagram and

analysis of the valve operations show that
in the present instance, the valves 49, 43

and 44 are opened and the valves 42 and 45
are closed simultaneously. The valves 42,

45 and 52 are opened and the valves 44,
-and 43 are closed simultaneously. . The
~valve 50 1s opened and the valve 49 closed
simultaneously in each instance. The valve
52 is closed and the valve 51 opéned simul- "

taneously in e&ch, mstanm ’Ih@ mlves ol

in the fourth position of the valves

off in the form of whater.
- ﬂlmtmied 18 particularly adapted for use

Hach
~switch controls a single solenoid or a group

-leading - from the bottom chamber.

~condenser. .
flow: of air directly into the gas chamber.
The seal 97 is to prevent the access of air

and 50 are. sepamtely opemted in closing

ﬁ |

and require each a separate cam and sepa- .

rate switch. Each set of simultaneous op-
erations is accomplished by a smgie, cam
and switch as shown.

O

It will thus be apparent that the passage -

of steam and air through the apparatus
when once determined as to time and se-
quence, can be conveniently accomplished
as described and can be repeated . indefi-
nitely

can be produced.

1he mixed steam zmd oxXygen fmm mhe'

retorts is led by way of the delivery pipe
16 to the condenser 17 where the mixture is

with absolute regularity, so that a
- product of uniform and mammum purity .

78
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@001@& anc the steam condensed and drawn

The c{md anger

in connection with this process in that the
cooling elfiect resuliing from a continuous
supply of water is obtained without br Ing-

g the product in contact with the Wmem

for 1t will be understood that contact of
the oxygen with water is. objectionable as
all water in its natural cgndltion eontains a

considerable amount of alr some of which

is released at the condenser pressure.

35

00

The condenser, as shown, consists of a -

drum or cyhnder 90 with headsrs or parti-

tion plates 91 near the top and bottom, but

spaced from the top and bottom headg to
provide gas chambers 92.

are. conmected by small tubes 18 and the

‘intermediate space around the tubes and

oetween. the headers 91 is filled with water,
supplied by way of the pressure pipe 93,
and led off from the condenser by way of
the overflow 94, the latter shown as of

consideranly greater capacity than the sup-

These chambers _f

100

105

ply- pipe 93 having ifs intake just below

the top header 91. The gas pipe 16 from

the retorts enters the top “chamber and the

way oi the pipe 19
The

gas is withdrawn by

116

condensed wateris removed from the bot- - -
tom. of the condenser by way of a suitable =

drip pipe 98 and both the drip pipe 98 and
the outlet pipe 94 for the cooling water are
provided with .water seals 96 and 97 re-

spectively to prevent access of air to the
The water seal 96 prevents the

This is

to the cooling water space. pro-

vided In view of the fact that a shight

vacuum 1is set up- in the gas space of the .
“considerable

amount of air in.the coolmg water space, 2
leak ih the condenser would admit air to
-the gas and cause serious loss of value in
‘the product.

condenser and with any

115

The functmns o1 the valves 22 23 26 and
28, the gasometer 20 and the drl o5 will be

'understcod by those skﬂled. n the art, par-

-



- gpectfieation ; -also the function of the com-
pressor 29 submerged in water to obviate the

10

15
It is merely a diagram showing the rela-

20

oxygen under pressure.
Ffurther (,0011110' to remove moisture nfter
compression will also be understood and the
details cf the refrigerating apparatus al-
ready described 1n a O“enem]. way, are not

' 5

ticularly in view of 'the deserlptwe matter
on this point already introduced into this

necessity for lubrication by means of oil
which cannot -be used in the presence of
The advantage of

of importance in connectwn with this dis-

closure. »

As I have stated, I‘m 1 is not an actual
view of any known form of the apparatus.

tion in which the emls and netmte are con-

nected to each other and to the manifolds
No
_Lletual view of the apparatus as set up would
- show the relation of these parts to advan-

35, 36, 39 and 40 and the manifold 47.

tage, but in Fig, 1-an element of, the appa-
ratus aeeoemted 1mmedmtely Wlth the re-

torts and ecoils 3 and 4 is not shown Each

.95

30

_-unlt or set of coils and retoxte 1S Jnsmlled -
mn a suitable furnace by which ‘the air and

- steam are brought to the temperature at
tures of my appamtus which are not essen-

tial to the invention in order that the dis-
95

which they may “be used to the best advan-

tage 1n reducing and regenerating the chem-
'1(3415 used Two fmnaces combined in the

~ relation in which they would be used for

- heating the two units described are shown

- 85

1n tunsveme cross section in Fig. 3 and a
longitudinal section through one hnnaee 1S
shown in Iig.

- lustrated in Fig. 8 comprises two combus-

tion chambers 100 and 101, each having a

grate 102 and being surmounted by a, ﬁre-

7 _.,bueli: arch 1083. In the iexm o1 the 1nven-

40

tion shown, a forced draft is used, the air
being drawn from the ash pits. 104 throuﬂ'h
the rr'mte., outward laterally

From this
chamber hot gases pass into a second cham-
ber 108 in the left-hand unit and 109 in the
right-hand unit. The chamber 108 contains
the air heating coll 8 and steam superheat-

 ing coil 4, and in the chamber 109 is a stéam

b0

Supezhea,tlnfr coll 4. The products of com-

- bustion are exhausted through a stack or

4, 4 of B

- 8b

smta,ble exhaust opening 110,
" Fig. 4, as shown, is a section on the line

1t will be seen that the exhaust opening 110
is connected to a chamber at the rear of the

R furnaces, indicated at 111, which in turn

60

- used 1 the retorts.

85

leads to the damper and flue by way of an
opening 112. This chamber is surmounted

by an iron plate 113 and a grid 114 by
‘means of which the exhaust gases are uti-

lized in the preparation of the permanganate
By heating a mlxtnre
~of oxid of manganese and caustic soda in

this way, the .permenganate used 1 the re-

this -1ppa,1 atus.

to enable those skilled 1

4. The b.«.lttew of furnaces

through an

. opening 105 into a chamber 106 in Wh1ch ,
o are lomted the retorts 9 and 9’.

. 8. By reference to this figure

‘manifold,

| 1,1ee,eee

torts may be prepared in a convenient a,nd
‘economical manner, and this apparatus may

be utilized in Ieelelmlnw the exheusted ma-

terials. -

The operation of the enti re appemtus has
been fully described.

While the manufacture of oxygen by the

reduction and regeneration of permanganate

and similar meteu.«.ﬂs has not been prae-

tised commercially because sufficiently pure

oxygen could not be produced at a reason-
able cost, this pI ocess is made pmetlml by
The losses due to the ir-
regular epemtlon of the valves by human

agency are avoided. In this way.I not only -

70 _-

avoid loss but am enabled to produce oxygen
of a uniform degree of purity at a cost

much reduced as compared to the cost pre-
viously involved in the practice of similar

methods and less than that of the existing.
electrical and compression methods.

Im-

85

provements in the other features have elimi- .

nated other sources of loss and as a result,

a method of manufacture which has reeently |
been considered capable of use only in a

laboratory, is made commercially available.
I have deecmbed 1n detaill numerous fea-

closure may be sufliciently full and complete
the art to build

the apparatus and opemte it. However, I

cific details described. - -
What 1 cLum and desne te seune by Let—

ters Patent 1s: ~

1. In-an apparatus for making ony en by

gen compound, a retort for the oxygen
eempound means for heating the retort,
means for passing heated air and supexheet—
ed steam alternately through the retort,

valves for alternating the path of the air
and steam and automatic means for operat-

ing the valves, equalizing the period and
malntammg the sequence of operation.

‘do not desire to limit. my elmms te the spe- '

100 o

decomposition and regener ation of an OXy-

105

110

2. In an apparatus for making oxygen by-
demmpomtwn and regeneration “of material
contalning oxygen, a plumhty of retorts for

the material contalning oxygen; means for

leading heated air and superheated steam
alternately to the retorts, a manifold, means

condenser, means connecting the manlfold
to the condenser an exha,nst outlet for the
valvee in the manifold for con-
trolling the passages from the retorts, and

‘automatic means for operating the valves

and ‘determining, their sequence of operation
whereby steam nnd oxXygen are led to the
condenser and the air is permitted to escape.

3. In-an apparatus for making oxygen by

oxygen compound, retorts for the oxygen
compound an exhaust ma,mfold, plpes lead

115

‘connecting the - retorts to the manlfold 8
120
12

the decomposition and regeneration of an.

130

/(I

96

-
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1,155,045 P

ing from each retort to the exhaust mani-
told, a condenser, a pine leadir y from that
manifold to the condenser, a supply mani-
fold, means for superheating steam and air

~and leading them to the retorts, means in the
supply manifold for controlling the passage

of steam and air to the retorts whereby the
retorts are alternately supplied with super-

‘heated steam and hot alr, valves in the ex-
‘haust” manifold, and automatic means for

operating the valves in both manifolds and
controlling the sequence of operation of said

- valves, whereby the air admitted to each re-

ib
“bined are led to the condenser.

20

tort in turn 1s permitted to escape into the
outside air, and the steam and oxygen com-

4. In an apparatus for making oxygen by
decomposition and regeneration of an oxy-
gen compound, retorts for the oxygen com-
pound, means for heating the retorts, means

for passing heated air and steam alternately

tnrough the retorts, means for alternating

 the _paths of the air and steam,!and auto-

- 25

30

35

matic means for operating sald means, equal-
1zing the period and maintaining the se-
quence of operation. I

5. In an apparatus for making oxygen by
decomposition and regeneration of an oxy-
gen compound, retorts for the oxygen com-

Jrme’

‘pound, means for heating the retorts, means

for passing heated air and steam alternately
through the retorts, means for alternating
the path of the air and steam, automatic
means for operating sald means, equalizing
the period and maintaining the sequence of
operation, a condenser, a compressor and re-
irigerating means for cooling the gas after

-1t has been compressed.

40

45
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6. In an apparatus for making oxygen by

‘decomposition and regeneration of an oxy-

gen compound, a retort for the, oxygen
compound, means for heating the retort,

means for passing heated ‘air and steam al-.
ternately through the retort, means- for al--

ternating the path of the air and steam,
automatic méans for operating said means,
equalizing the period and maintaining the
sequence of operation, and a condenser, hav-
ing means for preventing the access of.the
water to the gas space. |

7. In an apparatus for making oxygen by
decomposition and regeneration of an oxy-
gen compound, a plurality of retorts, steam

superheating means, means for heating air,

a delivery manifold, delivery pipes leading
from the retorts to said manifold, a con-
denser, means for-leading mixed steam and

oxygen from the delivery manifold to the

condenser, waste outlets in the delivery
manifold, a valve controlling each delivery
pipe, valves and automatic means for actu-
ating the valves to control the steam and air
passages to alternate the flow of air and
steam through the retorts and to permit the

escape of the waste air and to lead the

mixed steam and oxygen to the condenser,
the valves and actuating means being ar-
ranged to cause the initial flow of steam in
each 1nstance to blow the air out of the re-
torts by way of the waste. | S

3. An apparatus for making oxygen con-
sisting of a plurality of retorts and means
for heating them, a delivery manifold 10

and a steam and air controlling manifold 7,

alr heating means and steam heating means
for each retort, delivery pipes econnecting
the delivery manifold to the retorts, a con-

~denser, means for-leading the product from

the deliverv manifold to the condenser,
means connecting the air heating coil and
each steam heater to the dlSﬁﬂbﬂ?ﬁlOﬂ mani-

70

75

.80

fold and each steam heater to the corre-

sponding retort, valves in the delivery mani-
fold controlling each delivery pipe, exhaust
cutlets from the delivery manifold, a valve
controlling each exhaust outlet, and valyes

Co
€

in the distribution manifold controlling the

steamn and air passages, and automatic
means for opening and closing the valves
and confrolling the sequence of their oper-
ation to lead steam and air alternately to
the retorts, to exhaust the waste air irom

the delivery manifcld and lead mixed oxy-

gen and steam to the condenser, the valves

-being timed to provide for the blowing out
through the exhaust of the waste air from

85

each retort during the“initial portion of

the steam flow., - |

9. In an apparatus for making oxygen
by decomposition and regeneration of an
oxXygen compound, retorts for the oxygen

compound, means for heating the retorts,
means ior passing  heated -air and super-

heated steam alternately through the’ re-
torts, valves for alternating the path of the

100

1056

alr and steam, automatic means for operat- -

ing the valves, equalizing the period and

maintaining the sequence of operation, said.

means being electrically operated, fhe cir-

~cuit Including a coil connected to each valve,
means for controlling the electrical condi-

tion of each coill and a motor for operating
sald means. ) '

110

10. In an 3pparatﬂ5_f0r making oxygmi by .

decomposition and regeneration of an oxy-

115

gen compound, a retort for the oxygen com-

pound, means- for heating the retort, means

for passing heated air and superheated

steam alternately through the retort, valves

for alternating the path of the air and

steam, automatic means for operating the

valves, equalizing the period and maintain-
ing the sequence of operation, said means .

being electrically operated, two coils for
each valve, means for connecting the coils to
the valves, one coil serving to open and the

other to close the corresponding valve, a

source of electricity and connections where-

by the coils are connected in groups, a

120

135

gwitch for each group to operate the coils 189



" the cam is mounted, an electric motor con-
~ nected to the shaft to rotate it, and means.
for operating the motor at a constant. speed.
© 11.In an apparatus for making oxygen by
decomposition and regeneration of an oxy-

10
* " steam alternately through the retorts, valves:

15

- 20

8

in that group simultaneously, a cam operat-

ing each switch, a single shait upon which

oen compound, retorts for the oxygen com-
pound, means for heating the retorts, means
for passing -heated alr and superheated

for alternating the path of the air and

steam, automatic means for operating the
valves, equalizing the period and maintain-
ing the sequence of operation, sald means

being electrically operated, a plurality of

“coils for each valve, means for connecting

the coils to the valves, each to operate the
valve when the core is energized, one coil

serving to open and the other to close the

corresponding valve, a source of electricity

and connections whereby the coils operating

* the respective valves simultaneously are con-

 nected in groups, a switch for each group,
28

a cam operating each switch, a single shatt
upon which the cam is mounted, an electric

motor connected to the shaft to rotate 1t, the

motor.operating at a constant speed.. .

- 12. In an apparatus for making _o'xygeil_

Witnesses:

1,156,045

by decompdsition of "afn oxXygen bompound,
a plurality of retorts for the oxygen com-

30

pound, means for leading heated air and
superheated steam alternately to the retorts

‘including a supply manifold, means for

leading superheated steam and heated alr to

the supply manifold, a delivery manifold, a

container for gas connected to the delivery
manifold, a waste outlet from the delivery

to the delivery manifold, valves in-the de-
livery manifoid controlling the exhaust and
the passage to the container, valves 1n the

supply manifold and means for controlling

the valves, those in the-supply manifold so

that the air passage is closed before the
delivery

is opened, said means also controlling the
passages~to pass air and steam alternately

through the respective retorts. S
Signed by me at Baltimore, Maryland,

this 24th day of May, 1915. |
' - BENJAMIN H. CRAM. =

Epwarp L. Basm,
Arice G. DONEGAN.

“manifold, pipes leading from each retort -

40
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steam passage is opened, and those in the
manifold so that the exhaust is
closed before the passage to the container

50
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